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abstract 

Oxiuation pond is ofrectivu and econonicsl treatment unit 
for treating sov/agt, and ^/astss specially for tropical countries 
like India, Their use makes availab-c algae in large amounts 
which normally is wasted by throv/ing in streams, lositr. an economic-jl 
product as well as causing nunsanco in striams, Ihe present stuly 
was attempted to make use of this product to got economic benefits. 

The study was divi le I in two parts namely harvesting the 
algae from. o:.idati(«n pen 1 effluents and its subsequent digestion 
anaei'^obic'^lly to get Jigjstor gas v’hich can be usud as a source of 
energy because of its high fuel values. 

It vjas found cut that autoflocculation and loum floation 
are suitable and cheap means of harvesting algae for anaerobic 
digest 1 >n, while alum coagulattiu algae is not suitable for 
digestion because of liifh alum c^^ntent :/hich goes with the algae 
in the digostcrs. 515fc desi ruction in Vli was obtained in 30 days 
detention time at a loading of O.O 3 Ibs/cft/day at 35*^0. The gas 
yield was 7,0 cuft/lo of VM fed. 

If for any community oxiudtion pond and anaerobic digesters 
are used in unision thon the eci notiiic returns from the digester 
gas would be able to meet some of the maintenance and overhead 
charges for the waste treatment system. 
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With the pi’crpess of civilization, the man’s 
requirements for ener^^y are also incrodsing; in rridny folds. 

The increasing deinands ol energy coupled \/ith ,the realization, 
that the fossil fuels and nuclear energy sources are going 
to be exhausted sooner or later, man is busy searching for 
other energy sources \jh:ch can cater to his ever increasing 
demands. As it is very clear solar energy is avdilablo in 
plenty, having an intensity of 10,000 ft. candles. If 
effective means to trap it Can be found, it can fulfil all 
the requirements. But there are a fev/ factors which put 
limitations on its beinir used as an alternative source on a 
large scale. Some of them are intermittent supply, limited 
utility because of low concentraLion.s in which it is 
available ana problems of storage. These factors are taken 
care of to some exteait in its conversion to chemical energy 
stored in the olfdo biomass in the oxidation ponds in v/hich 
treatment ox’ wastes is achieved through photosynthesis. In 
these ponds bacteria decompose organic constituents of the 
wastes and inakes them available to algae. The algae by 
trapping solar energy in pnotosynthesis and minerals thus 
made available gives rise to more algal cells, as well as 
produce oxygen which is used by the bacteria to oxidize 
the wastes. In photosynthesis the efficiency of solar 
energy conversion to cellular material is only about 65 S, 
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because this process beco'Bes light saturated abpve 500 ft. 
candle light intensity, Also the energy that can be made 

o 

use of IS the one having v/ave length, between 4000 ~ 7000A , 
which comprises only kOYo oi the total sunlight{l). Because 
of these reasons it cannot be said that this method of 
making the solar tner.cy available for the use of humanity 
IS ultimately most efficient but still it sho;js us the 
way in this direction. 

The practice currently involves disposal of the 
effluent from oxidation pond by either Seepage and 
evapotrcinspircition, or through stream dispoaal. These 
methods of disposal have their own li.uitations such as 
non-oVdilability of vast expenses of lanu, non-availability 
of sufficiently big stream or the danger that stream 
disposal will cause to fish or other types of life in 
water depleting dissolved oxygen in the night. Besides 
these factors, the algoe vfhich is a useful product goes 
not only as a v^aste but also becomes a nuisance through 
increasing eutrophication of the stream. 

The whole cell mass of microplants, algae, i.g 
nutritious as against higher plants which have about 
half or less of the total dry weight as nutritive portion. 
Algae contain 10 ammo acids and large amounts of vitamins 
A,B,C (2,3), Some experiments are in progress regarding 
the use of a^Lgae as chicken and live stock feed(4). 

Though algaa mdy not be suitable for human consumption 
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because of chemical additives and pathogens that come 
vjith this during removal, they Con be used either to get 
economic returns in terms of increased agricultural yield 
by using this as fertilizer! 5 ) or as fuel directly after 
drying. Fuel characteristics of dried algae are similar to 
those of medium grade bituminous coal although the heat 
content is some vhat lo''’er ranging upto 10,000 Ptu/lb.{3)« 

It can also be subjected to anaerobic digestion, v;here its 
degradation by bacteria ^ill give rise to digester gas which 
IS mainly methcine, I’he net fuel value of pure methane is 
963 Btu/cft unaer standard conditions (6j , Thus the methane 
rich digester gas could either be burnb in gas- 
turbine-genercttor system to produce electricity or can be 
used as a domestic fuol« 

i .d Qb.i ec t ive of the Present Stud y 

In tropic :#1 countries like India having long 
sunshine hours and high temp., the oxidation, pond as 
treatment unit for waste are very effective and are being 
adopted \,'idely. Because of this large amounts of algae 
are available, in the oxidation ponds effluent, v/hich can 
become a good source of fuel after anaerobic digestion!?) • 

This study was carried out with tnis objective 
in view. It consists of tvro parts harvesting of algae 
and anaerobic digestion. In harvesting the emphasis was 
to find out a cheap and effective method. Follo\/ing 
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methods ^jere tried: 

1. Auto flocculation 

2. Foam floatation 

3* Chemical coagulation 

^^ilo in anaerobic digestion the objective V'as 
to find out : 

1. Effeco of tenperature on digestibility of algae 
2t Optimum loading of algae 

3. Gas production per lb. algae fed 

4. Extent of digestibility of algae 

5. Effect of chemical, used in harvesting, 
upon digestibility, 

6. Nutrient requirements for the digestion of algae. 


I 



Chapter 2 


literaturj: r^vie,' 


2 , 1 Algae in Ox idation Ponds 

Because of being econoitical and simple in 
operation and maintenance, besides being effeciive as 
vjaste treatment uiii^, the oxiJotion ponas are employed 
commonly for sev^age treatment. The function of sewage 
oxidation pond can be considered to be multiple. The 
pond can act as a reservoir to equalize the effect of peak 
loads on a sevjage treatment plant, dilute concentrated 
sev/age or waste, provide as v/ell as act as an additional 
settling basin for treatment. The major difference betvjeen 
oxidation ponds and other types of sevjage tanks or ponds 
lies in active photosynthesis taking place resulting in 
significant production of aigao. \jilgae can thrive on 
nutrients in the sewage and, in uhe process of photosynthesis, 
produce oxygen. The oxygen produced by algae is available 
for maintaining aerobic bacterial decomposition of the 
sewage and prevention of odours ( S),* 

The various symbiotic processes taking place in 
the oxidation pond are presented in figure 2.1(1), As 
the wastes come in the pond most of the suspended organic 
matter is observed to settle down with in a matter of a 
few hours to ,fo,r:m sludge, this process is called 
auto'-floGculdtion or bib-flocculation. The decomposition 
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of the reaidining mdtter is sturted by the bdCteria, and the 
decomposition results in producing phosphates 

and other compounds. Tn aerobic ponds the sludge undergoes 
decomposition aerobically and gives rise to the products 
mentioned. In facultative or «naerobic ponds, the sludge 
may, depending on climate and other factors, undergo 
partial decomposition, may increase in quantity without 

decomposition, or jt may undergo partial or complete 

1 

anaerobic decomposition,* The anaerobic decomposition 
involves two stages. One, called acid fermentation -utilizes 
oxygen from organic matter itself or from oxygen - rich 
anions like sulphates, nitrates and gives rise to H , CO , 

/C /C 

HgS and other odourous gasses and to organic ucids. The 
second scage involves, under fcvourable conditions, alkaline 
or methane fermentation as a result of ^hich methane gas is 
formed together vath so le C0„ end H . When organic mai^ter 
is decomposed anaerobically the oxygen requirements decrease. 
Under favourable conditions of temperature, sunlight and 
nutrients, green ul'ae usually grow in top layers of the 
pond. The algae use CO^, a mnoaia and phosphates resulting 
from bacterial decom 5 )osition to synthesise algal cell 
material and release oxyg^^n* 0swald(9) has given the 
following equation for the reaction. 

NH% 7.6 C0+ 17.7 H 0— CH^ 0^ N +7.6..0 
4 2 '2 7 «.l 2.5 2 

algae 

+ 15.2 HgO + H - ^66 Cal. 



The oxygen released bacomes available to the 
bacteria for the oKidatnon of dissolved organic matter. 
This cyclic process str,bilizes the organic matter of the 
incoming -waste. Jibout calorics are fixed for each 

milligram of oxygen liberated and about I .67 mg. of oxygen 
IS libercted for each mg. of ^^Igae synthesised. 

Disre^ cirding phosphorous, sulphur and trace 
elements the oxidation of organic matter xn sewage in high 
rate ponds has be=n found experimentally to follow tne 
reaction : 

C, H O^N + 140 + ^ 11 CO + 13 H 0 + 

11 29 7 2 22 4 

organic matter 

2.1.2 Yield of Algae 

Goto a 3 and 0si/ald(10) reported averc ge yields 

of 30-35 tons of dry algne per acre per year from ponds 

at California , with yields of 60-75 tons per acre in July 

and August. Got ass ^ £l (11) also reported yields of 

algae of 600-1600 lbs. per million gallons of sewage. 

Reni.(12) s‘t:tes th. t a poijulation of 10,000 persons could 

produce 14 OO lbs. of protein per dry from r.lgae grown in 

oxidation ponds. Meffert(13) obtained yields of the order 
2 

of 7-10 gm/m of surface per day during warm weather and 
2 

4g/m per day during coal weather. In general the yield 
of lOd -300 mg/l in oxidation pond effluents has been 
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recorded, 3 e/ignl and Siddiqi{l 4 ) recorded ? value of 
above 4OO mg/l at IIT-Kanpur Coinpus oxidation pond 
designed to treat the sevjage of a population of 6OOO, 

2,1,3 Species of in Oxidation Ponds 

The typeo of ulgae most oCtive in oxiaation ponds 
are chlorophyta (green) and cynophyt* (blue-green). Typical 
algae species in oxidation ponds have been described by 
Arceivrala ( 15 ) . 

Blue green algae frequently flourish in ponds 
during summer months. Euglona has great adaptability to 
various pond ci„nditions and are present during all seasons. 
Round( 15 ) also states that species are controlled by season 
and place as different light intensity and temperature are 
conducive to the growth of different species. Singh ^ ^ 
studied the algae flora and physico-chemical characteristics 
of fifteen important towns of Uttar Pradesh. Thirty two 
species have been recorded, Cyanophycean species dominate 
over other groups 01 cJgae, GscilJ atoria, Phormidium, 
Schiaomeris and TJavicula species were mostly encountered in 
the study, Arthospira, Euglena, Chlorella and Navicula 
were observed in the campus oxidc^tion pond at IIT-Kanpur. 
Fitzger£ld( ^) concludes that the most numerous algae which 
grows on sewage is normally Chlorella, Scandestnus and 
Euglena , 
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’^2.1,4 Composition of Algcte 

The chemicol ccmpositionp, neglecting sulphur and 
phosphorous, of Ghlorellc and JLuglena are given as: 

Ghlorella C H 0 N 

7 «.l 2.5 

Eugleno C HON 

7.62 g,08 2.53 

Chlorella contains on an average 5O“60^ proteins, 20-30^ fat 
and 10-20‘,^ carbohydrates along with amino jcids and 
vitamins (14 ) . 

The growth and normal biochemistry of green plants, 
including algae, require the availability of from 15-20 
elements. The table no. I indicates some of the elements 
required for green plants (1?). 


Tcb le Ho . 1 

elements Required by Green Plants 


Kicronutrient s 
(10"^-10‘^'I) 


iiicronutrients 
(lO^Hanu less) 


Carbon 


Iron 


Hydrogen 


I'langnese 


Oxygen 


Copper 


Nitrogen 


Zinc 


Phospnorous 


Molyodenum ^ 


Sulphur 


Vanadium 


Potassium 


Boron 


Magnesium 


Chlorine 


Calcium* 


Cobalt 


Sodivim*'’* 


Silicon 



Except for algae, where it is micronutrient 
For blue green algae 
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2.2 Harvestin?, 


Harv 3 stinr of aleae is difficult because alg-ae are 
normally in dilute suspensions of about /fj-OO mg/l, and of a 
small physical size which preicludes simple sedimentation or 
f loatation( IS) . The pr. ceasing, of elg^e undergoes the 
following three stepsd'"') 

1, Initial concentration or removal 

2 , De;;atering 

3, Final arying 

The last step is needed only if the product is needed as 
food for eninals, otherwise it Ccn jo dispensed ii^ith. After 
dewatering a slury of about ^- 1 ^% solids contents can be 
achievad(3 ) . 

A combination of small size {5-15 |ll) and low 
specific gravity results in a settling rate that is too 
slow to permit the use of settling as a routine procedure 
for harvesting algae. Some of the methods which aro 
commonly used for harvesting algae are* 

2 . 2.1 C entr if ugat ion 

Oswald and Golueke (18) report the removal of 
^4 percent at a throughput rate of ICO gpm to about 64 
percent at 3^5 gptn >-it rotational velocities of 3 OOO and 
330 s rpm for any a.lgal culture having a concentration of 
200 mg/l. It was also noted that the disc angle also 
affects the separation at throughput rates greater than 
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300 gpm. At a throughput rate of 3^5 gpni 52-64 percent 
removal was obtainea v;ith the disc angle 45°, while 
separation Increased to 74 percent with the disc angle 
of 55"". 

2 . 2* 2 Chemical Flocculation 


, Coagulation can be induced by the addition of 

reagents vsuch as aluminum sulphate, lime, organic or cationic 

flocculents. In coagi-ilation the addition of the reagent is 

follov;ed by a brief period of mixing to develop floe 

particles of sufficient size and density to permit rapid 

sedimentation and subsequent removal of flocculated material. 

Raising the pH of an algal suspension to- 11.0 or higher 

results in the formation of a settleable gelatinous floe 

in which alg-At* are trapped. Golueke and Osv/ald (19) 

report that very little precipitation occured at pH levels 

from 9.5 - 10.5, where as most of the algae were removed when 

the pH of the suspension was raised to 10.6. In addition, 

a large portion of the colloidal . material was removed when 

the pH level reached 10,8. Little additional gain in 

clarity v/as obteinojd by raising the pH above 11.0, It was 

also noted that the use of FeSO^- as an additive brought 

a distinct improvement in precipitation, the extent of 

which v;as in direct proportion to FeSO^' dosage till a 

critical point of 40 mg/l reached. The required dose of 

Ca (Orl) also reduced correspondingly. 40 mg/l of FeSO, 

2 ^ 
and 120 mg/l of CalDH)^ gave a removal of ^6$ while a dose 
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of 200 mg/l of Ca(0K)2 alone brought a separation of only 
76^. Some of the results o^arrelating the dose of 
at various pH levc-3.s udjust^d by CalCH)^ for 65 - ^1% 
removal are given in table no, 2. 



Table No . 2 


pH Versus Dose of Fe30 

K 

pH 

10.5 10.9 10.10 11,0 

FeCO. 

mg/r 

120 100 to- 80 40 


11.1 


0 


No precipitation v7o.s observed at pH levels btslovij 10*5 
regardless of Fe30^ dose. 

Alumirdumdulphate is also coraaonly used as a 
flocculent. Best removal /ith tuis is obtained at a pH of 
6.5« The pH range of 6.0 - 6.6 gives quite good removal, 
while beyond pH 7*0 the removdl becomes increasingly poor. 

^ miXDng time of 3 miiiutes at a blade tip velocity of 
12 in/Sec with 15 minutes of settling time v/ith 75 mg/l 
of Al^(30, )o gave 99‘^’ removal. The clarity and sparkle 
of the supernatant at dosage of 105 - 120 mg/l closely 
approximated \'ith that of tap water (19) • 

Sinha (20) reported a removal of 91 >2^1 by alum 
dose of 400 mg/l at ph 7*0, and without pH adjustment of the 
oxidation pond effluent the dose for the same removal was 
900 mg/l at pH 6,7. 
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Gulueke et ^ {19) when algel suspension was passed through 
tv/o electroaes, placed l/B tc 1/2'* (0,32 - 1.2? cm) apart. 
Test rates ranged, from 0.05 - 1-2 gpm/eft (6.7 - l60 1/min/ 
cum) of electrolyte cell volume. G^rrent was varied from 
0 - 900 milli axUperes. 

Electrodes of carbon, copper and aluminum were used 
either as pairs of one material only or as pairs comprised 
of different materials. Excellent separation was achieved 
when aluminum or copper electrodes were used, because on 
excellent floe \/ae formed by th^i releoso of copper and/or 
aluminum and the subsequ^^nt formation of copper and/or 
aluminum hydroxide. Very liti^le if any sopcrx^tion took place 
when t%\’o curoon electrodes were used, 

2.2.6 0th>.xr m ethods 

Besides ell these methods nontioned for harvesting 
of a]lFee, filteratioii through sand beds, ion exchange and 
ultrasonic vibrations Ct.n also be used. 

2.3 Fundament als o f i ^neerobic Digestion of Organic kl u dges 

hirect d 3 sposel of organic sludges and other 
concentrated wastes either in streams or on land causes 
various problems. It becomes imporctive to subject them to 
some sort of treatment and bring them to a level where their 
disposal becomes easy. One of the methods vhich is effective 
and is in use, is anaerobic stabilization. 


I 


2.2.3 Foam Floatdoion 


Lovin (21) reports that, in the floatation method 
the cell concentr<.'tiGn of the hc:,rVoSt is a function of pH, 
aeration rate, aerator purooity, feeu c incentj. ation and 
the height of foam in the trocjs'. coloumn. ^pparantly 
through a change in the surface characteristics Drought 
about by exposure to lovj pH, olgae are trapped and collected 
in the foam. Kainchcndrun (22) obte. iiiad d removal of ^.n 
10 minutes using 20 mg/l of a cationic surfeciant (hexadeeyl 
pyridinium chloride) und lOL) mg/l of alum \.'ith 1,5 VVM eir 
flow rate. The Scum obtained had 2> solids content. The 
effect of pH on removal was quite considerable. The best 
remo•'^^l was obtained at pH 3«0 and 11,0, 

2.2.4 -rtutof locculation 

A natural separation process v/^s observed (19) 
which took place under certain conditions. The phenomenon 
consisted of a naturally causing precipitation and settling 
of algae. The required conditions for this are reported 
as . 

a. actively photosynthesising shallow culture 

b. relatively njarm day 

c. sun light 

In this the pH of the media increases above 9*5* 

2.2.5 Fassa^e through Cha r ged B'^ield 


Excellent separation of algae v^as obtained by 
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Anaerobic trc;atnient is u thr«5e step process; 

a. Hydrolysis of bonplt;x M^iterial; 

In this complex organic .latt^^r is converted to 
less complex soluble organic cc'apoun-as oy enzymatic hydrolysis 
with the help of t^xtrocellulyr enzymes. 

b. Acid i'roauction: 

Here the hydrolysis products are fermented to 
simple orgr me compounds, predominately v.latile acids 
(acetic acid, propionic acid, formic acid ^tc.), by a group 
of facultative and anacsrobic bccterid collectively called 
"acid - formers''. 

c. Methane Purmentation; 

This step ferments the simple organic compounds to 
methane and cerbon dioxide. This is carried out by o group 
of substrate specific, strictly anacrooic bucteria called 
"methane-formers", uoth acid production and methane 
fermentation are intracellular processes (23,24)* 

Thus, organic v’aste rac.teruils c.re converted 
effectively to bacterial protoplasm and gaseous end products, 
m&inly methane anJ Curben dioxide. This is represented 
schematically in fig 2.2irhe slowest and rate limiting step 
in this sequence is the third step, the methane fermentation. 

Compared to aerobic process of stabilization of 
\yestes the anaerobic treatment has following advantages ( 25 ), 
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1. High degree of waste stabilization is possible 

2, Lo^j production of Mastic biological sludge 

3 . Lot'' nutrn ent requirement 

4. No oxygon requirement 

5. jlcthano is a useful end product 

liesid-s th-se aavantoges there arc some 
disadvantages associoted with anaerubic process. Some of 
them can he listed as 

1. The methanj - fermentation st=gG is o temperature 
sensitive stega haiice r^qnitas Titintenance of relatively 
high temperatures (35 - 95°?') • 

2. Because of slow late of growth of methane 
producing bacteria, relatively larger detention times are 
needed. 

But the edvantagas out^’cigh the disadvantages when 
concentrated wastes, with BOD values greater than 10,000 rag/l 
are subjected to this trortment (23) . 

The optimum environmental conditions for more 
efficient and rapid trsatment are ( 26 ) 

1 , Optimum Temperatures 

a, Mesophilic range 35° - 110 

b. Thermophilic range 120*^ - 130°F 

The two optimum temperature levels for anaerobic 
treatment were reported by ^’axr and Moore (2?) , The 
stabilization at higher temperatures, thermophilic ranges, 
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proceeds fester as compared to mesophilic ranges. But the 
extra cost involve.aents for maint Jining higher te^nperatures 
may offset the i^dvantogcs obtained. Hov;evcr Fischer and 
Green (2B) report thot oacteric. con function with equal 
ease from 35° - 60°G /ithout c-ny doro£,^tory effect upon the 
degradation and gt, s production. The only naportv^nt point is 
that sufficient tunc has to b- provided for the population 
build up of bactoric for th.! smooth running of the treatment 
unit . 

For the aig 'stion process to be most effective, 
the ta’-iperature chost-n must be uni form end neintained with 
cl nari'ov; range of j fn’ degrees of temperature above or 
below the establislicd v^lue (29). 

2 , Anaerobic Conditions 

Methane - formers are strictly anaerobic. As the 
culture becomes purified exposure to oxygen even for a short 
time has on inimical effect on the organisms, In mixed 
cultures with an abundant supply of food, such as in sludge, 
the activities of other organisms protect the methane 
orgenasms by removing any oxygen that may be present or thet 
nay find access. The highly reoucing, conditions required 
by methane org^nisns ere produced by the activities of a 
variety of organisms . dince methane orgesnisms in pure 
culture can neither dispose of oxygen nor create highly 
reducing' conditions, oxygen can be consiaered as toxic to 
them (26,30). 
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3 • SuTficiunt Biologicc,! Outrients 

Th& cincbrobic process is dependent upon bacteria, 

vjhich require certain elements for their grov^th. The basic 

* 

requirements of elements for brcterial provrbh include Ccrbon, 
nitrogen, oxygen, phosphorous, pot.-ssium, sodium, mapnessiuin, 
calcium, sulphur <. nd iron, in deci^.^sing order. The bacteria 
must derive all tluso brsic elements for protoplasm from the 
liquid environnont. If the environment is deficient in one 
or t^vo elements, the bacteri i v.!!!! develop only in proportion 
to the chemiCr'l deficiency (20,31), 

4, Optimum pH 

The importance of pH on digestioii has been 
demonstrated on numerous occasions. Most dUthorities 
accept that a pH of rbout 7*0 gives optimum conditions and 
indicates balanced chemical activity in the unit. The 
methane formers are highly sensative to pH changes. 

Henkerckin (32) has shov/n that number of methane formers 
decreases at pH Values below 7*0. Ho further reported a 
suitable pH range of 7.2 - 7.'3. Although pH changes generally 
follow venations in volatile acid concentreticn, pH on its 
own does not provide a reliable chock on gas production (24). 
There are two different opinior© regarding the pH adjustament 
in the digesters. One group rocommends the use of lime to 
nutralizo vol.-.tile acids in order to promote a favourable 
pH (33). The other group forbids its use completely (34)* 



21 . 


5. Absence of Toxic Mat-jrials 

There esn be meny metorxals both, orP'Hnic tad 
inorganic, \^hich m^-y bo loxic or inhibitory to the organisms 
involved in c''n''erobic i/£stc tre.-tment process. The term 
toxic IS relative ,_>nd c' ncentrotion at hich a mcterial becomes 

tcxic or inhibitory may v iry from ^ fraction of milligram to 

severe! thousc*nd inilligr- ns (11) Mcdarty and McJviney (35) 
have sho^m that a single Cction is ' lore toxic if present alone 
in the digester thr.n a co''jbiiiL tion of Cdtions, Certain 
cations have been studied, they are in order of toxicity, 

+-h ++ “h + H“ 

based on equilent concentration, Ca , Mg , Na , K , NH^. 

McCarty (3b) reported that at pH 7*4 - 7«6 the 

ammonio gas concentrati^^n c^n become inhibitory. When 
ammonic' - nitrogen concentration exceeds 3000 mg/l then 
ammoniun ion becomes quite toxic rogordless of pH. The heavy 
metals like copper, zinc and nickel are quite toxic even at 
low concentrations, oulrhides concentrations above 200 mg/l 
are quite toxic. Organic compounds like alcohals and fatty 
acids are also toxic. 


Table No, 3 gives inhibitory concentration of some 


of the ions. 

Table no. 3 


ion 

"Moderately 

inhibitory 

mg/l 

strongly 

inhibitory 

mg/l 

Na^ 

3500-5500 

SOOO 


2500-4500 

12000 

_ 4-4' 

Ga 

Mg 

2500-4500 

sooo 

1000-1500 

3000 

s'" 

150 

>200 
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2.3*1 Organic loading 


miyt^robic digestor 


The anaerobic digesters in literature have been 
classified is standard - r.itt and high-rate digestion ( 36 ) . 

In standard rate digestion little provision is made for 
mixing, -^s a result, influent organics ar« concentrated 
locally at points in the tanks and ntect with microorganism 
po.'Ulation IS liiit'-d. While in high-rw*te digusters the 
contents are maintc ineu in a mixed stauc by means of vigrous 
agitation. Rat ant ion time for high-rate process is of the 
order of IO-I 5 days. The capacity raquirenunts are reduced 
by prethickening the influent sludge. Conventional anaerobic 
digastion tanks are usually loaded at a rate of 0,03 - O.O 4 
lbs., volatile solids / cu ft/ day v;it]j a detention p&riod of 
about 30 days (39) '‘hile loading in high rate digestion 
systems "lay r^nge from 0.1 - 0.2 lbs. volatile solids per 
f1^ per day i,ath dention period of 10-li> days (39) * 


Caldwell an 1 ScU'-ycr ( 40 ) advocatod a minimum 

detention of 20 days for high rate digestion. Ruddolf and 

Miles ( 41 ) rucomnendcid a detojition period of 20 days for lo\/ 

temperature (27*5 - 29.5°*^) end 15 days for higher 
,00 

tomparaturo (49 - 52 C). 


However according to Sawyer (42) , there is no 
line of demarcation between conventional c-na liigh rate 
digester loadings, higestor behavior and character of the 
end products eppeer to be more related to detention period 
than to organic loading. 
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2.3.2 Gas Production 

Dunston and hinden (43) havfe reportad a gcS 
production of 9*33 ft /lb. volctila natter added pjr day i,t 
a loading of 0.05 Ibs/ft^/day volatilu solids v;ith a hydraulic 
detention ncriod of 33 days. At the same detention period^ 
organic loading of 0.135 Ibs./ft'/day volatile solids, a gas 

3 

production of 5*23 ft /lb ‘'M added Wc s reported. Sawyer and 
Roy (44) using pilot plant roj'crted a gas production of 
about 9 cft/lb . Vid added .'t c* detention period of 10 dc^ys. 

Seth ot cd (45) obtained 3 6 percent reduction in 

volatile solids c.ntvnt c,t e aotention tiitio of 11 days for 

the sc\;age sludge obtained from a pri-nary sedimentation tank. 

The ges yielu v>as found to be S eft per pound of volatile 

solids destroyed per dcy. It was dso reported that this 

value IS about 50/o of th^ vflu-s reported in U.S.a. The gas 

composition T-^as found out to be 65 - 70% CH and about 

4 

30 - 

UarD shchandra and Sax^^na ( 46 ) obtained S6.24 
percent reduction of BCD and vole. tile solids at a max. 
loading of 0,lf23 lb. SOD per eft/day and 0,1927 lb. YS/eft/ 
day respectively at a detention period of 15 days. The gas 
yield varied from 20. Si to 6 .C cu ft/doy/lb of YS destroyed. 

Sen and Bhaskarcin ( 47 ) report gas yield of 
14 eft/day p..r lb, BOD applied in the case of distillery 
wastes at a loading of O.lBG Ibs/cft/day with a detention 
time of 10 days. While Chakr^brity and Trivedi (4^) recorded 
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the yield of 11 eft of £;es/lb voletile solids jdded. In the 
case of cheese 14 - l6 eft of gas Mcxs produced per lb. 

of VS destroyea. ocv age sludge producer about 16 - iS eft 
of gas per lb. of Vo dv.stroyea (46). 

Digester g^s generally contains 72‘/o methane and is 
saturated v^ith water vapour. J-hc net fuel value of mathuno 
is 963 Ctu p^r cu ft und<^r standard conditions. (The net 
fuel value is the heat llberatel in combustion minus the 
heat of condensati n of ’.j ter (6). 

2 ♦ 3 • 3 frfcetm en t of stes b y Anaerobic digestio n 

Under some circu.n jtr'nccs anaorcbic digestion is the 
most economical method of reducing the BOD of \'sstes to an 
extent aerobic treatment will then produce a liquid fit 
for discharge into ;ct 3 r course. It has so far boon applied 
to meat packlngf milk, yeast, distillery, vjool, scouring, 
starch, rice, candy, pea blt.nchar, struv/ boaid, citrous, ‘ 
tannery and other v/ustos. 

Recont studies on antibiotic wastes by Heakelakian{49) 
indicated that anaerobic digestion, with slight agitation 
and pH control is fcosible. This method was found to 
reduce the BOD approximately by S0,o. Liquids then could be 
treated on spent filters to yield final effluents having 
35 - 40 rag/l of BOD. Table 4 givos the nature of treatment 
obtained in some of the industrial wastes . 
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Table No . ^ 


Treatment Performance in i^naerobic Digestion 


Waste 

Hydraulic 
detfcxit icn 
time 

Digestion 

temp. 

1 Vol. Solids 
added 

BOD 

reduc- 

tion 

Ref G 
ance 

Pea Blencher 

3.5 

131°F 

700 Ibs/lOOO 
cft/day 

- 

50 

Ryo furraentation 

2 

130° F 

930 ” 

- 

51 

Corn fermentation 

• 0 

130°F 

330 ” 

- 


Butanol 

in,o 

- 

190 '* 



Meat packing; and 
lldughter hou<^o 

- 

- 

1200-2000 
mg/l BOD 


52 

Molasses and 
distillery vwste 

10 

37^C 

3 .01 kg/ 
cu'n/dc.^y 

90% 

53 

Fiber board vjasto 

- 

- 

0.6^4- kg/ 
cum/d. jy 

9k% 

54 

Dairy waste 

6 

- 

0.5i^ kg,/ 
cum/ auy 

90-99. 

5% 

Spent veritable 
tan liquor 

32 


0.5iH kfe/ 
cum/da y 

96/. 
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2.4 Anaerobic Digestion of Algae 

Algae being a living thing its protoplasm contains all the 
essential macro and micro nutrients required for any biological 
growth. The chemical formula for organic matter in the waste 
as well as for the algae as given below are also quite similar; 

Algae - C„ 0 N 

7 8.1 2,5 

Organic matter - G H ON 

11 29 7 

Seeing from all this it seems that algae will be easily 
digestible as any other organic matter. . 

But not much reporting has been done in literature 

regarding the controlled digestion of algae. Though it has 

been reported on several occasions that on dying algae settles 

with other settleable organic matter to the bottom of oxidation 

ponds and in facultative and anaerobic ponds it starts degrading 

anaerobically with other organic matter. This decomposition 

gives rise to gases like H ,C0 and H S in the first stage where 

this organic matter utilises oxygen from organic matter itself 

or from oxygen rich anions like sulphates and nitrates. The 

second stage involves methane fermentation as a result of 

which methane gas is formed together with some CO and H • 

2 2 

This observation confirms that algae is digestible 
anaerobically and it can yield economical products if the 
digestion is earned out under controlled conditions like 
optimum loading, detention time and temperature for maximum 
gas yield. This study was carried out with this objective 
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in mind, also the emphasis \;as laid on finding out suitable 
methods for harvesting algi'e from the oxidation pond effluent 
and seeing the effect on digestibility of algae because of 
these different modes of soparati..n used. 



Chapter 2 


Mat erials and Methods 

3*1 Sewage Cxilation FunJ 

The IIT Kanpur cam,'us oxidation pond is rectangular 
in shape, 400X200 feet and 4*5 feet deep. The BOD loading is 
640 kg/hectare-day or 575 Ibs/acre-day and the theoretical 
detention period comes to about 3 days. It has sloping sides 
laden with open jointed bricks. The bottom comprises of 
natural earth, to promote seepage. The sewage is pumped 
intermittently, when sufficient waste \;ot«r gets accunulatad, 
through a pipe, i^hich jxtenls into the pond by about 20 feet. 
The out-let is on the opposit'- side. Thu efiluent Wt.s the 
source of elgae for digestion. 

3,2 Harvesting of Alrao 

For harvesting of algae three methods were tried: 

1. Autoflocculation or bioflocculation 

2. Chemical coagul<.tion 

3 . Foam floatation 

3.2,1 Autoflocculation or Bioflocculation 

Ihe harvesting unit consisted of two oil drums 
connected near the bottom. The drums were filled manually 
ana vjere covered for four days. The sludge v/as recovered by 
draining of the liquid through an outlet near the bottom in 
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one of the tanks. Then the sludge was thickened and the 
thickening was done hy filtering out the extra w-ter through 
cloth. The thickened slucigc c'^ntiined total solids about 
20,000 jiig/litre. 

3*2,2 Chemical Coaguiatiun 

for chemical coagulntitn pGt:sh alum v/as used as the 

main coogulent v/hilc pepton<^ and KMnO were tried as coagulent 

4 

aids. The floccalaticn time ci 15 minutes ..t 60 rpm and a 
sediraentation time of 30 minutes was used. 

The pH adjustment cf algal suspension was done by 
0. 5N HCl solution. 

3 . 2,3 foam floatation 

For fuarn floatation the surfactant used was Hexa decyl 

t - 

Trimethyl Ammonium Bromide (CH. N (CH Br ) was used. 

3 '=^15 3 3 

Alum, KA1(30 ) .12H 0 was also tried as flocculent aid. The 
floatation column used was cf I .25 metre length and 7 cm. 
diameter \jith a sparger fixed to the bottom. The outlet for 
the foam vras in the middle of the column as shown in the 
figure 3 . 1 , 


All experiments were corned out \jith a sample 
volume of 1 litre. The floatation time of 2.5 minutes was 


used, in each case 
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3 .3 Dj-gesticn 

o 

Digestion vjqe started at t^'o temperatures, 35 C in 
mesopnilic range and 5 5 ^"d m thermophilic rangG. Four 
digesters having 1.5 litre contains wure used, two for glucose, 
which acted as controls \jhile t}iO other tvo for rilg-fc at the 
tv/o t ampere turos mentioned earlier. The aigestion time was 
chosen as 30 days. 

The digesters v^ere started with coi’dung slurry 
acclimatized te algae by fs>-ding glucose and algae togethi’r 
with the nutrients daily till the gas production stabilized. 
Then feeding of g]ucose was stopped and only algae with 
nutrients v;as fed tall the digesters picked up. For mei-ting 
the nutrient requirements in glucose digesters one ml of 
solution 1 and solution II was added vath the feed. Then the 
temperature of two of the digesters, one for glucose and one 
for algae was raised in steps of 2 degrees centigrade daily 
from 35°C to 55’C ♦ The digestion of algae was also tried 
without the iiidition of nutrients so ns to see whether all 
the nutrient requirements for microbial giO’jth can be met by 
Its constituents or not. 

Feeding was done daily once. Hundred ml. of the 
digester liquid v/as withdravm after mixing. After 30 minutes 
of sedimentation 50 ml. of the supernatant was wasted or kept 
for analysis while the sludge was recirculated with 50 ml. 
of fresh feed with nutrients. 
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The! gas was collected, at 35*^C and at atmospheric 

prassure, in graduated cylinders cont£,ining saturateu solution 

of N^'Gl and five percent I-LSO v/ith some Methyl red. 'fhis 

* 4 

solution v/as used so as to have actual ameunt of gas produced 
to be recorded \/ithout losing any part of it in dissolved form. 
The g._s v;as vjasted unless usv.d for analysis. 

The experimental set np is shown in figure 3 '2. 

Metho ds of analysis 

Concentration of algae v/as determined by 
spectrophotometer at 435 ni|i v'ave length. The standard curve 
v;as obt'^ined by taking the oxidation nond effluent absorbance 
at 435 mjJL and then findang out its total solids content, from 
this tot.il dissolved solids of the liquid without algae were 
subtracted. For sepsrjtion of algae the sample was centrifuged 
at 5j000 rpm for 10 minutes. 

pH of the digester liquid was obtr ined immediately 
after its withdrawal from the digesters. 

Percentage volatile solids content was determined 
according to the method recommendeu in Standard Methods {$"5“) , 

Mixed liquor suspended solids (MLSd) vjere determined 
by allowing the suspended solids in the digester effluent to 
settle in Imhoff cylinders. The sedimentation time used v/as 
30 minutes. 

For gas analysis Orsot apparatus was used. 
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Stock Solutions of Inorganic Nutrients si led to Digester. 


Solution 1 


Solution 2 


45.6 mg (NH, HPO 
4 2 4 


2S gm NH Cl 

4 


Diluted to one liter 


4 gm Kcl 


with distilled H 0 

2 


10 gm Mg Cl 6H 0 
2 2 


5 gm F^Cl^ 

0.1 gm (NH, ) Mo 0 + 4H 0 

4 6 24 2 

0*01 gm Zn Cl 


0.57 gm Co C1^+6H^0 

0.25 gm Mn SO ,H 0 

4 2 


1.0 gm Ca Cl . 2H 0 
"" 2 2 


1.12 gm A1 Cl . 6H 0 
3 2 


diluted to 1 liter vjith 


distilled H 0 

2 



Chapter ^ 

Results and discussions 


4 » 1 Campus Oxidation Pond, The Source of Algae 

The campus oxide tion pond ^rtiich was the source of 
algae for this scud"', is designea to treat the sewage of the 
campus, The total contributing population is about 6000, The 
characteristics of the sewage and the extent of treatment 
affected in the pond le, the influent and effluent 
characteristics are shown in table no. 6. 

The BOD loading of the pond cones to 6^^0 kg/hectare,- 
day (575 Ibs/acre-doy) and the theoretical detention period 
comes to about 3 days. As shovn in table no. 6, the normal 
algae concentration in effluent is 412 .rag/l and hence the total 
dfy weight of algae daily going out in the effluent is about 
1000 kg (14) . 

The continuous and effective working of the oxidation 
pond and a more or less uniform concentration of algae in the 
effluent throughout the year clearly indicates that the light 
intensity available at Kanpur even on cloudy days as well as 
during v/inter is more than the saturation intensity. Hence 
light intensity is not limiting in Kanpur for the working of 
oxidation ponds, and most of the Indian cities have a light 
intensity equal to or more than Kdn'''ur, Hence oxidation pond 
as a waste treatment unit seems to be quite effective and 
cheap under Indian conditions throughout the year and the 
effluent from such ponds will contain algae in concentration 


I 
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Table no . 6 

Characteristics of influent (Sev;age) and effluent from 

oxidation pond 


S.No. 

Parameter 

Cone . of 
influent 

Characteristics 
of effluent 

1 

Temp. *^C 

25-26 

29-31 

2 

Total solids mg/1 

1023 

860 

3 

Total suspended solids mg/l 

467 

- 

4 

Volatile susponcied solids mg/l 

210 

- 

5 

Volatile dissolved solids mg/l 

240 

- 

6 

Ammonia Nitrogen mg/l 

6.5 

2.83 

7 

Organic nitrogen mg/l 

8.0 

5.2 

8 

Total phosphates mg/l 

5.2 

2.8 

9 

Chlorides, mg/l 

65.8 

- 

10 

pH 

7.9 

8,8 

11 

COD rag/l 

279 

- 

12 

BOD, 5 day, 20°C, mg/l 

136 

25 

13 

BOD, ultimate, mg/l 

210 

135 

14 

Flov/ 10^1/d 

2.8 

2.7 

15 

Algae cone, mg/l 

- 

412 

16 

DO mg/l 


8,9 
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around 400-600 mg/1 by dry i/eicht and can serve as a copious 
source of slgae for different inodes of utilization including 
that to produce fuel gas by anat-rc^bic digvistion. 

4.2 Harvesting of Algae 

In harvesting of rjlgae from the pond effluent main 
objective was to find out c* method -'-hich is economical and 
effective, also which yielas elgie vliich can be digested in 
anaerobic digesters. The methods tried viere: 

1. Autoflocculation or Bioflocculation, 

2. Chemical coagulation. 

3. Foam floatation! 

4.2.1 Autoflocculotion or bioflocculation 

The method tried was slightly different than the 
autoflocculation phenomenon reported by Osviald {l-^} . According 
to him natural separation of algae termed autoflocculation. 
takes place in actively photosynthesising shallow culture on a 
relatively warm day in bright sunlight. In this study it was 
observed that if the effluent from oxidation pond is detained 
in tanks of about 3 feet depth in the absence of light then a 
natural separation is observed in about 4 days. Most of the 
algae goes to the bottom while some of it is carried to the 
surface. This natural sedimentation may be because of the 
algae getting killed in the absence of sunlight and nutrients , 

I 1 ' I 

The float ipg of algae to the top may be because of the gases, 
being released in the anaerobic activity in the pond, which 


carry it. along ivith them to tha surface* 


A removal of about S0% v/as obtained in 4. uays detention 
time. The slurry cboainoa had total solids contents of about 
6000 mg/l. As tabulated in table no. 7 v^ith the solids having 
an average volatile contents. The rost of the solid 

matter, about 11/^ is in the form of fixed inorganic matter v’hich 
IS not available for digestion, 

4*21.2 Chemical Coagulation 

Alum (KA1(30 ) , 12 HO) and Sodium aluminate 
4 2 2 

(NaAlO. } were used as chemical coagulants. Coagulent aids like 
peptone and potassium permangnate uerc also tried v/ith alum. 

^6% removal was obtained viith 2000 mg/l of alum dose 
at a pH of S.92 i.e, without any pH adjustment of the oxidation 
pond effluent. The algal suspension had a concentration of 
520 mg/l. With the adjustment of pH 7.0 the dose requirements 
for alum reduced to 1000 mg/l for the same percentage of removal. 
These results are plotted in Fig. 4.1. 

12 hours ox sedimentcition of this ulgal sludge yields 
a slurry of about 6OOO mg/l total solids as given in table 
no. 7, This has a volatile solids content of about 44)^. This 
value of volatile solids contents is half as compared to the 
slurry obtained by bioflocculation. The reason for this low 
VS content ig tb© large amount of inorganic chemical which 
comes wibh the slurry during harvesting. These figures 
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indicate that alum coagulated algae has about of its total 
weight as fixed inorganic matter and of this as much as about 
44^ IS really a part of the alum uhich v;as added as a coagulating 
agent. Effectively the quantity of digestible algal solids in 
alum coagulated sludge is only about h.ilf of that in autOf- 
flocculated sluuge. 

With peptone as a ccagulent aid tv, alum there is an 
improvement in removal obtained, a dose of 25 mg/l peptone and 
600 mg/l of alum gives a removal of about while alum alone 
at 600 mg/l gives only 10^» removal as shown in Fig. 4*2, Peptone 
was used as an aid because it will also provide essential 
nutrients to the bacteria for carrying out digestion. But 
because of low removal this method is not very effective. 

Fig, 4.3 shows that percentege removal of algae goes 
on increasing with in direct proportion to its 

concentration when used as an aid to alum. It increases the 
removal from 10% to about 47/» at B mg/l concentration with alum 
concentration of 6 OO mg/l. Large doses of KMnO^ cannot be used 
as it is a toxic material to biological growth, 

4 , 2^3 Foam Floatation 

Foam floatation is gaining importance with the 

increasing use of surface active agents for separation of algae. 

The surfactant used was Hexa decyl Trimethyl Ammonium Bromide 

(CH (CH ) N^(0H ) Br”). This surfactant gives quite good 

3 2 15 13 

removai even at low condent rat ions* A removal of 79,2% was 
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Table no. 7 

io volatile content of algal sludge harvested by 

different methods 


Sample 

Method of 
Harvesting 

Total 

solids 

nig/l 

Volatile 

solids 

rng/1 

% volatile 
solids 

1 

Autoflocculdtion* 

18264 

16276 

88.4 

2 

\\ 

1843 S 

16218 

88.64 

3 

w 

20700 

18665 

90.15 

4 

.r 

19850 

17600 

88,68 

5 

f? 

18760 

16810 

89.70 

6 

Alum coagulation 

5947 

2614 

43.43 

7 

It 

5873 

2593 

44 • 20 

S 

?r 

6127 

2700 , 

44.70 

9 

Foam Floatation 

3980 

3505 

88.0 


Values reported are after thickening of sludge. 
Bach satnple is average of 2 or more readings. 
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obtained with a dose of 25 Tig/i with 2.5 minutes of time of 
floatation for an al:,al suspension of 46O mg/1# further 
increase in dose did not bring any improvemont in removal. 

The use of alum as an aid to floatcitii n did not bring any 
significant increase in removal as is shown in figure 4.4* 

This surfactant has e; better actit^n than Hexadecyl 
Pyridinium Chloride Ncl) which gave maximum removal 

of about 53/0 with 20 mg/l of the dose for a floatation time of 
10 minutes and for an algal suspension of 90 mg/l. But in 
this case alum dose of 100 mg/l increased the removal from 
53?^ to 6% (22) . 

The algal sludge obtained from foam floatation has 
a total solids content of about 4000 mg/l i;ith about of 
it volatile. 

4 1 3 Anaerobic Digestion of Algae 

4.3»1 Digestibility of algue 

The results tabulated in tables B,9,Bshow that algae 
is easily digestible anaerobically at 35°C, But the percent 
digestibility of algae is less than that of glucose at both 
the temperatures (35°C and 55^C), This is clear from 
figure no. 6 also. Comparison of values from tables 3 and 9 
show that algae and glucose degradation percentage is 51 and 
73 at 35 C while it increases to 57 and 3? at 55 C at a 
loading of about 0,03 Ibs/cft-day. ' Tjie gas produced per pound 
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of volatile matter destroyed is about 14 eft. at both the 
temperatures. This valuo of gas produced corresponds with the 
values reported in literature, Bhaskaran (46} also reports 
14 cuft of gas produci^d at a BOD loading of O.lBB Ibs/cuft/day 
with 10 days detention time for distillary vi.astes . l/hile for 
choose v/astes a value of 1Z|.-16 cuft for gas produced per lb. 

VM destroyed is obtained ( 46 ) . Seth ot el got a value of only 
S eft and 3 ^/^ reduction in volatile solids at a detention 
time of 11 days for sewage sluoge. 

The gas produced per lb, of YtA added also is quite 

close to the reported values, Algae gives a gas production 

of about 7*0 and about Zj ,0 eft at 35^6 «nd 55 ^C respectively, 

while Dunstan and Hinden (43) reports a value of 9.33 cuft. at 

3 

a loading of 0.05 Ib/ft per day ^ath a detention time of 
33 days. 


All this goes to corroborate that algae is almost 
equally digestible as compared to the ether Wostes which have 
been subjected to anaerobic digestion. 

The percentage of reduction in VS at both the 
temperatures for algae, which is 51 and 57^> is quite less as 
compared to the values achieved in other wastes (52,53, 54),5 K 
This low percentage of degradation of algae can be because of 
the ability of algae to withstand adverse conditions in the 
digesters. It is also possible that the living algae are 
immune ’b'b bacterial attack, so they are not easily subjected 
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to decomposition. The observation under microscope using a 
magnif ication of 430 clearly shovv^ed the presence of intact 
algal cells in the digester effluent inuicating incomplete 
degradation in the digester. The species of algae observed 
are listed in table 11, The presence of complete cells in 
digester affluent hints that the cell \/all is quite resistant 
and does not easily give wry to bocterisl attack, 

4 ♦ 3 * 2 Effect of Temperature on Dirricstibilitv 

The results in table no. 10 mdiCtJte higher percentage 
of degradation achieved at thermophilic temperature range. For 
algae the corresponding values arc 51 and 57/S. There is a 
net increase of 6-13% m degradation at various loadings. But 
the amount of gas yielded by ono pound of organic matter 
degraded is about 14 cuft in both the cases. But higher 
values of daily gas production are recorded because of higher 
degradation. 

The results indiCcte that the higher temperatures will 
not be economical as the not increase in digestibility is not 
very high because of nigh temperoture . 

4«3*3 Loading Rate 

The loading rate was varied from 0.012 - 0.042 
Ibs/cuft-day and the optimum loading rate was obtained at 
0*031 Ibs/cuft-day. At this loading rate the gas yield is 
7;0 c^ft/lb. of m fed at 35°C , As shown in Fig. 4.6 



4 ^ 

Tcble no.S _ 


Algal digestion 


Loading 

Ibs/cft- 

day 


_ ^.35 



Volatile 
matter in 
gras. 

Gas pro- 
duced in 
ml . 

Gas pro- 
duced in 
cft/lb 
volatile 

Gas pro- Gas produced 

ducea in cft/lb. 

in ml. volatile 

matter fed* 


matter 

fed. 


0.0107 

.25s 

90 

0.0146 

*352 

130 

O.OIG4 

.443 

160 

0.0221 

.532 

210 

0,025s 

,620 

265 

0.0324 

. 7 S 

340 

0.0353 

.65 

340 

0.040 

.965 

305 


5.6 

105 

6.13 

5.92 

145 

6.6 

5.79 

IS5 

6.7 

6.32 

225 

6.76 

6 .g 6 

310 

6.03 

7.0 

390 

6,03 

6.42 

415 

7.65 

5.06 

425 

7.07 
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Tablfc no, 9 


Glucose Digestion 


3 5 °C 

Loading Volatile Gas pro- lias pro- 
Ibs/cft- matter in duced in duced in 
day gms. ml. eft /lb 

volatile 

matter 

fed. 


5 5^C 

Gas pro- Gas produced 
duced in cft/lb. 

in ml. volatile 

matter 
fed. 


0.0125 

.3 

115 

0,15 

140 

7.4s 

0,0166 

.4 

165 

6.61 

210 


0,020^ 

.5 

220 

7.07 

295 

9.47 

0.0250 

,6 

355 

9.5 

410 

10.97 

0.0291 

.7 

4^0 

11.0 

545 

12. 4 S 

0.0331 


510 

10.22 

5^5 

11.92 

0.0374 

.9 

530 

9.45 

630 

11.22 

0.0416 

1.0 

560 

g.97 

665 

11,06 
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Loading 
lbs/ eft 
day 

G lucose 

,02Q1 

^0374 

Algae 

.0324 


Table no. 10 


Gas yield per lb. of volatile matter destroyed 


35°C < 2 ^ 


io of VOl, 

matter 

destroyed 

Gas produced 
eft. /lb. of 
volatile 
matter 
destroyed 

% volatile 

matter 

destroyed 

Gas produced 
in eft per lb, 
of volatile 
matter 
destroyed 

7?^. 4 

14.02 

^7.3 

14.3 

66.7 

14.1^ 

83.5 

14.6 

51 

13.71 

57 

14.1 

37.9 

13.41 

50.6 

13*96 


.040 
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Table no. 11 

Species of elgac in 

the feed sluigo and effluont from the 
digi^eter 

feed Slutlgc 


Arthospira 

Arthospira 

Chlorella 

Cnloralla 

Wavicula 

Navicula 

Anab^'^ena 
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The dig(:,st&rs vjith this loading fall under the 
category of conventional dig-^sters, v'hich have a loading rate 
of 0 ,^ 03 - 0,^04 Ibs/cuft-day with 3 '^ days detention time ( 39 )* 

4*3*4 Effect of Harvesting Method Employed upon Digestibility 
of Algae 

The harvesting methods basically can be divided into 
two categories. The one which give the harvested sludge 
without the a.Mition of chemicals and the others which use 
chemicals for harvesting. ->o corresponding sludge obtained 
also either is free from external chemicals or it contains 
chemicals \ath it. 

The algae harvested by autoflocculation or 
bioflocculation Uses not contain any additives and also no 
difficulty was encountered in its digestion, 

Tf/hile alum flocculated algae contained a large amount 
of chemicals with it. The sludge w s found to have about 449 > 
of total dry isToight aa alum. This sludge was not found to be 
digestible. There is an abrupt stoppage in the gas production. 

The digesters were first subjected to low cincentrations of 
alum of 100 mg/l for acclimitizing the bacteria but oven then 
alum flocculated algae was undigestible. This can be either 
because of Aluminum ion toxicity or potassiuia ion toxicity or it 
can be because of both of them. But McCarty reports that aluminum 
Salts are not toxic because of their low solubility ( 36 ). 

But potassium lon'conceni-raticn cf about ra^/x is quite 

I 

tQxio {37)*' 
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Because of this observation algae harvesteU by using 
peptone and KMnO as flucculent aids vjith alum v/ere not tried 
for digestion, 

Sodirm duminate flocculated algae vas also not 
digestible. The reasons for this can also bo same as for alum 
because firstly very large doses of this c-.mpeund arc needed 
for appreciable removal of algae and s^^condly this also 
contains sodiura ions besides aluminum ions ,'Jhich are also 
toxic ( 37 )* 

The harvesting by foam floatation yields a slurry of 
relatively dilute concentrationr .and algae harvested by this 
method were not tried in digesters as it was not possible to 
meet the requirements of algae for the digesters by a single 
column for foam float at icn. However the algae harvested by 
this method should peso no problems for digestion, because 
neither the chemical doses required are lerge nor Joes the 
flocculent contain any toxic material as its Cvjnstituent . The 
only important point is that the floatation column should be 
big enough to cater to the requirements of algae. 

4.3.5 Nutrient Requirements 

Algae do not need the addition of macro and micro- 
nutrients to the ciigcster for microbial populations as it has 
all those essential elements in its protoplasm as previously 
meptionqd- ih chapter II. 
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- For filucose all the nutrients are to be supplied 
from external sources. For this solution 1 and solution 2, 
given in chapter III were added tc the digesters . 

4*3«6 pH of tlie Digester 

The pH of the digester normally remained in the range 
6,5 - 7.5 but whenever it went out of this range it v/a>s 
brought back to this range by suitable adjusuments. The pH 
was adjusted by .IN NaOH v/hen it went below 6.5, on the oth«^r 
hand .1 N HGl was used to bring it down A’hen it went above 7.5. 

4 . 3.7 Sludge Appearance 

The digested sluage from glucose digesters and algal 
digesters was quite different in physical characteristics. 

The glucose digester sludge we’s brownish in colour and it 
dewatered easily and quickly. While that of algal digesters 
was quite colloidal and dewatered poorly. These properties 
became still more prominent in the digester being run at 

55‘^C. 

Regarding the effect of high temperature on the 
properties like grannularity, odour and separatability of 
sludge different obsorv^-tions are maae by different people. 
Golueke {t>6) reports that these properties became superior at 
high temperatures while Fischer and Green found the sludge 
digested at high temperature had poor dewatering qualities^ig) 

4 . 3.8 Solids Retention Time 

Though hydraulic detention time was 30 days, but 
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because of recirculation of sludge tht- solids retention time 
was higher than 30 days. It was found to be 43 days for algae 
digesters. Because of poor settling properties a lot of sludge 
was wasted daily, MLSS, mixed liquor suspenaod solids, in the 
effluent from algal digesters were 25 ml/lOO ml i.e. 250 ml/ 
liter. Out of this 1^ ml MLSS wont in the effluent wasted 
daily. While for glucose digesters MLS^ was 13 tnl/lOO ml 
i.e, 130 ml/litro and almost complete recirculcition of this 
could be achieved, so sludge v/as wasted once a week. 

4*3*9 Oas Composition 


Carbon dioxide content of the digester was found to 
be and the methane content to be about 60?^. '^’he rest of 


it 15 H S, H and NH . The glucose digester gas had a higher 

2 ^ 3 

percentage of 00^. The value being nearly 50/? and the methane 
content was also lov/er accordingly at about 50^o with some 
amount of The daily variation in gas production 

is shown in Fig. 4»7* 












CONCLUSIONS 


On the basis of this study follo\/ing conclusions can be 

drawn! 

1 * Oxidation ponds whon used £,3 treatment units can serve 
as a copious source of algae for different modep of utiliaotion. 

2. Because of lovj surfactant dose requirements, less 

I 

floatation time needed for high aegree of removal, foam floatation 
BO^ma t6 bo quite effective mode for harvesting algae from 
oxidation pond effluent. 

3 « Alum IS not very cffoctivc flocculating aid to Hexa 
Jecyl triammonium Brctnide for foam floatation of algae* 

/f. Peptone and potassium pormangnate are effective as 
coagulent aids to alum for coagulating algae* 

0 

5 » Afgae IS easily digestible .unaerobiccily at 35 C, like 
other organic wastes. The percentage of digestibility observed 
was about 51/ 

6 , " loading rdto of 0*03 Ibs/cft-day of ajgae al5 30 days 
detention time yielded 7*0 cuft of gas per pound of VM fed in, 
while the gas production per pound of VIA destroyed was about 
lAi’O cuft. 

7. The digester gas contained about 605* methane* The net 
fuel value of methane is 963 Btu/cuft under standard conditions. 

So it can serve as a good domestic fuel. 

S. Digestion of algae at thermophilic ranges did not give 
appreciable increase in digestion as cempared bo mesophilic ranges 
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9t ^Igae do not need external supply of nutrients for its 
digestion anaerobically, 

10, ^Igae harvested by chomicdl coagulation using alum as 
coagUleht is not digastibls. 
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